LONG PULSES AND SIDEBAND INSTABILITY IN FREE ELECTRON LASER
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A number of designs f o r f r e e e l e c t r o n l a s e r o s c i l l a t o r s a r e t o produce o p t i c a l p u l s e s which a r e long compared t o t h e s l i p p a g e d i s t a n c e s ( t h e d i s t a n c e by which t h e o p t i c a l f i e l d moves ahead o f t h e e l e c t r o n s during a s i n g l e pass through t h e u n d u l a t o r ) . For such p u l s e s , modulation of wavelength x = s may be amplified due t o t h e synchrotron o s c i l l a t i o n s of t h e e l e c t r o n s , s i n c e t h e s e o s c i l l a t i o n s a r e then c o p e r i o d i c with t h e o p t i c a l f i e l d modulation encountered by t h e e l e c t r o n s due t o s l i p p a g e .
Thus a sideband i n t h e pulse o p t i c a l spectrum may grow a t a f r a c t i o n a l frequency s h i f t = N -l , where N is t h e number of p e r i o d s i n t h e undulator.
W e study t h e evolution of such long p u l s e s over many passes by cons i d e r i n g a s i n g l e s e c t i o n of l e n g t h x of t h e p u l s e and imposing p e r i o d i c boundary c o n d i t i o n s (Fig. 1 ) . W e t h e r e f o r e consider only sideband f r equencies which d i f f e r from t h e c a r r i e r frequency o by Ao/o = 42rrnc/xw = -+ns/Nx, n=1,2,3. . . W e consider a range of value: of x t o C d e t e m l n e t h e r e l a t i v e importance of d i f f e r e n t sideband frequencies.
The coupled one-dimensional e l e c t r o n and wave equations a r e used and t h e t r a n s v e r s e o p t i c a l mode neglected. The undulator is conventional and untapered.
W e f i n d f o r t y p i c a l parameters t h a t t h e o p t i c a l f i e l d 1s unstable a g a i n s t t h e growth of modulation when near s a t u r a t i o n . The i n s t a b i l i t y
i s g r e a t e s t f o r x = s , although t h e e x a c t value depends on device parameters (Fig. 2 ) . The i n s t a b i l i t y has a f i n i t e width i n x (and t h u s Aw) s i n c e t h e i n t e r a c t i o n is o f f i n i t e d u r a t i o n and t h e e l e c t r o n s have a range of synchrotron periods.
E i t h e r t h e lower o r upper sideband may dominate, although both a r e p r e s e n t along with t h e i r harmonics due t o nonl i n e a r l t i e s .
When sideband growth i s complete up t o 50% o f t h e o p t i c a l power may r e s i d e i n t h e sidebands. S i m i l a r sideband growth i s p r e d i c t e d f o r s h o r t o p t i c a l p u l s e s by
Colson and by D a t t o l i e t a l . For weak f i e l d s t h e synchrotron o s c i l l a t i o n s a r e small s o t h a t modulation does n o t grow u n t i l s t r o n g e r f i e l d s develop. This synchrotron i n s t a b i l i t y i s s i m i l a r t o t h a t found f o r tapered undualtor a m p l i f i e r s by Kroll and Rosenbluth. The i n s t a b i l i t y may be suppressed by use of frequency-selective r e s o n a t o r m i r r o r s o r by introducing an e l e c t r o n energy spread.
Future work w i l l consider t h e sideband i n s t a b i l i t y f o r o s c i l l a t o r s using o t h e r resonator designs.
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